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Claims 

1. A resin-coated metal plate for metal containers, characterized in that one surface of a 
metal plate is subjected to plating with a metal such as Sn, Ni, Zn or Cr, or is subjected to 
chemical conversion coating [with a material] such as hydrated oxides of charomium or 
phosphorus or both surfaces are subjected to plating with a metal such as Sn, Ni, Zn or Cr, or to 
chemical conversion coating [with a material] such as hydrated oxides of charomium or 
phosphorus or one surface is subjected to plating with a metal such as Sn, Ni, Zn and or Cr, and 
the other surface is subjected to a chemical conversion heterofilm treatment, whereupon the 
thermoplastic polyester resin composition indicated in (A) below is coated thereupon: 

(A) a thermoplastic polyester resin composition having an alloying ratio of 5-100% as 
defined by the formula below, produced by a thermal fusion reaction between 95-5 wt% 
crystalline polyester and 5-95 wt% noncrystalline polyester. 
[Formula 1] 

Alloying ratio = (Tmi-Tms/Tmi-Tmi) x 100 or alloying ratio = Tgi-Tg3/Tgi-Tg2 x 100 

Tmi and Tgi: Melting point or glass transition temperature of the raw material crystalline 
polyester resin: 

Tm2 or Tgi: Melting point or glass transition temperature when the raw material crystalline 
polyester resin and noncrystalline polyester resin have completely undergone a thermal fusion 
reaction. Specifically, the melting point or glass transition temperature of a random copolymer 
polyester resin having the same monomer composition: 

Tma or Tgs: Melting point or glass transition temperature of the thermoplastic polyester resin. 

2. A metal container, characterized in that the resin-coated metal plate according to 
claim 1 is molded into a container or part of a container, and in addition, the degree of 
crystallization of the resin after a dry or wet thermal treatment is 0 to less than 5%. 

Detailed description of the invention 
[0001] 

Industrial application field 

The present invention relates to a thermoplastic polyester resin-coated metal plate used as 
a material for containers, and a metal container formed by process molding and thermal 
treatment. More specifically, the present invention relates to a thermoplastic polyester 
resin-coated metal plate and metal container where the thermoplastic polyester resin is a 
crystallization-resistant polymer alloy, so that degradation of secondary processing capacity and 
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binding properties do not occur due to crystallization of the coating resin layer, even when the 
material is subjected to molding processes and subsequent thermal treatment. 

[0002] 
Prior art 

In the past, resin-coated metal plates for containers and metal containers produced by 
process molding thereof have been offered in Japanese Kokai Patent Application No. Sho 
52[1977]-65579. Specifically, in this invention, a plate-form metal substrate is coated with a film 
layer of thermoplastic polyester resin film having a degree of crystallization in the range of 
0-30% to produce a coated metal, which is then drawn or ironed. The molding is subjected to a 
dry or wet thermal treatment, thereby increasing the crystallinity of the thermoplastic polyester 
resin film layer to produce a value in the range of 5-50%. In addition, in Japanese Kokai Patent 
Application No. Sho 52[1977]-65588, an invention is offered wherein a special thermoplastic 
polyester resin is used, and the degree of crystallization of the resin layer is controlled to a range 
of 0 to 30% under specified thermal treatment conditions. In Japanese Kokai Patent Application 
Nos. Sho 60[1985]-168643, Sho 60[1985]-170532 and Sho 60[1985]-172637, inventions are 
offered wherein degradation properties are improved by increasing the molecular orientation of 
the thermoplastic polyester coating by means of high-level processing such as drawing or 
ironing. 

[0003] 

Problems to be solved by the invention 

With this type of conventional resin-coated metal plate used for metal containers, the 
resin such as polyethylene terephthalate that coats the material undergoes recrystallization during 
the container production processes and during subsequent drying, external surface printing and 
sterilization processes involving heat treatments. As a result, there are problems with loss of 
binding and degradation of impact resistance in the coating resin. 

[0004] 

Means to solve the problems 

The present invention involves alloying noncrystalline polyester with this type of 
conventional crystalline polyester resin, so that crystallization of the resin coating is controlled 
during the aforementioned container formation processes and during subsequent drying, external 
surface printing, sterilization and other heating treatments. As a result, degradation of the resin 
binding properties and impact resistance is prevented. 
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[0005] 

The present invention is described in detail below. 

[0006] 

The present invention involves applying a corrosion-resistant metal coating such as Sn, 
Cr or Ni onto one or both surfaces of a metal plate, and then performing a chromate or other 
chemical conversion treatment for an appropriate time period, follow^ed by coating of the 
thermoplastic polyester resin composition indicated by (A) below. 

[0007] 

(A) A thermoplastic polyester resin composition having an alloying ratio of 5-100% as 
defined by the formula below, produced by a thermal fusion reaction between 95-5 wt% 
crystalline polyester, and 5-95 wt% noncrystalline polyester. 

[0008] 
[Formula 2] 

Alloying ratio = (Tmi-Tms/Tmi-Tma) x 100 or alloying ratio = (Tgi-Tg3/Tgi-Tg2) x 100 
[0009] 

Tmi and Tgi: Melting point or glass transition temperature of the raw material crystalline 
polyester resin. 

Tm2 or Tgi: Melting point or glass transition temperature when the raw material 
crystalline polyester resin and noncrystalline polyester resin have completely undergone a 
thermal melting reaction. Specifically, the melting point or glass transition temperature of a 
random copolymer polyester resin having the same monomer composition. /3 

Tm3 or Tgs: Melting point or glass transition temperature of the thermoplastic polyester 

resin. 
[0010] 

Tmi, Tm2, Tma or Tgi, Tg2 and Tg3 are melting points or glass transition temperatures 
obtained using a differential thermal analyzer (Perkin Elmer model 7) at a rate of temperature 
elevation of 10°C/min. The distinction between crystalline and noncrystalline is that, when using 
a differential thermal analyzer by the same method, a material that exhibits a melting point peak 
is referred to as a crystalline polyester, whereas a material that exhibits only a glass transition 
temperature, or a material that does not exhibit a glass transition temperature or melting point 
peak, is referred to as a noncrystalline polyester. 
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[0011] 

Examples of the aforementioned crystalline polyester that may be cited include 
polyethylene terephthalate (PET below), polybutylene terephthalate (PBT below), polyethylene 
terephahalate (PEN below) and copolymers thereof. However, examples are not restricted to 
these compounds, as the term refers to thermoplastic polyesters having melting points of 200°C 
or greater. 

[0012] 

Examples of the aforementioned noncrystalline polyester that may be cited include 
polyethylene isophthalate (PEI below), polyethylene terephthalate copolyester containing 30 
mol% cyclohexane-dimethal [sic, dimethyl], polyethylene terephthalate containing 20 mol% or 
more isophthalic acid, polyarylate and polyester polycarbonate. However examples are not 
restricted to these compounds, as the term refers to noncrystalline thermoplastic polyesters with 
glass transition temperatures of 20°C or greater, with 40°C or greater being preferred. 

[0013] 

In addition, examples of well-know binders that may optionally be used for resin 
characteristic reformation in these thermoplastic polyesters include well-known blending agents 
such as antioxidants, thermal stabilizers, melt viscosity conditioners, slip agents, impact 
resistance agents, pigments, dyes and antistatic agents. 

[0014] 

The present invention is described in additional detail below. 

[0015] 

The metal plate used in the present invention may be aluminum, iron or an alloy having 
these materials as primary components. However, materials are not restricted to these, as the 
present invention may be used, in general, with all metal materials used as members for 
containers. In order to endow the metal pate with corrosion resistance and binding properties that 
will allow it to be used in such applications, the materials are subjected to a surface treatment for 
an appropriate period of time, e.g., a plating treatment using a metal such as Sn, Ni, Cr, Zn, Al or 
alloys thereof, or chemical conversion coating with a material such as hydrated oxides of 
chromium or phosphorus. Examples of these coating methods that may be cited are conmion 
electroplating, fusion plating, chemical plating or simple coating. In addition, the thickness of the 
metal plate will differ depending on the size of the container and its application, but in general, a 
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plate with a thickness in the range of 0.10 mm to 1.5 mm is used. However, there are cases 
where metal foil-form material with a thickness of 0.05-0.10 mm is used in special applications. 

[0016] 

Although the aforementioned thermoplastic polyester resin composition is coated onto 
the surface treated metal plate, there are no particular restrictions on the coating method. 
However, film lamination methods in which film-form material is heated and affixed, or 
extrusion lamination methods in which the polyester resin is melt-extruded from a T-die and is 
simultaneously coated directly on the plate, are common well-known methods that are preferred. 
In this case, the degree of crystallization of the coated resin has a significant influence on the 
binding properties of the resin layer subsequent to processing and thermal treatment. It is thus 
preferable for the degree of crystallization of the polyester resin to be as close to 0% as possible, 
or noncrystalline, at the point when the polyester resin is coated onto the metal plate using the 
above methods. Consequently, the films that are used in film lamination methods are undrawn 
noncrystalline materials that have not been subjected to drawing during molding, and in addition, 
are preferably quenched after thermal affixing. However, it is also possible to render the material 
noncrystalline by carrying out a reheat melt-quench treatment subsequent to thermal adhesion. 
Moreover, with extrusion lamination methods, the resin that has been coated is in a nearly 
noncrystalline condition because the resin is coated directly onto the metal plate in a melted 
state. Actual measurements have yielded values in the range of about 0-3%. Measurement of the 
degree of crystallization of the polyester resin in this case was carried out in accordance with a 
method that employs X-ray analysis, as disclosed in Japanese Kokai Patent Application No. Sho 
52[1977]-65579. 

[0017] 

The method whereby the thermoplastic polyester resin composition is prevented from 
crystallizing, which is the most significant aspect of the present invention, is characterized in that 
the crystalline polyester resin and noncrystalline polyester resins are subjected to a thermal 
melting reaction to alloy them. Thermoplastic polyester resins are crystalline, and in order to 
maintain processing properties and binding properties when plates are used in metal containers, it 
is preferable for the resins to be as noncrystalline as possible when coated onto the metal plates. 
However, crystalline polyester resin will progressively crystallize during processing, and will be 
additionally crystalUzed during the processes occurring subsequent to metal container production 
(coating/printing, or foodstuff thermal sterilization retort treatments). Consequently, loss of 
binding characteristics and impact resistance has been a significant problem. In addition, 
noncrystalline polyester is a well-known resin, but when this resin alone is used, there have been 
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problems with seizing and loss of impact resistance resulting from fusion during processing due 

to its low melting point. Although reformation methods can be readily conceived in which these 

resins are simply blended, it was found that when 0-50% crystalline polyester and noncrystalline 

polyester were blended and evaluation was carried out after applying this mixture onto metal, the 

disadvantages of the noncrystalline polyester resin regarding processability and impact 

resistance, and the disadvantages of the crystalline polyester regarding processing and 

post-thermal-treatment binding and impact resistance were markedly manifested. Consequently, 

a resin that is amenable to practical use has not yet been produced. However, the inventors of the 

present invention, et al., discovered that a coating resin that manifests sufficient performance in 

metal containers can be obtained, not by simply blending the crystalline polyester resin and 

noncrystalline polyester resin, but by forcing an ester exchange reaction to occur in parts of these 

resins during resin fusion using PET-PEI copolymer resin as the noncrystalline polyester resin, 

thus producing a "polymer alloy". This resin composition can be manufactured by melt-fusion of 

95-5 wt% crystalline polyester and 5-95 wt% noncrystalline polyester, and controlhng the /4 

alloying ratio to 5-100%. In addition, the blending ratio of the noncrystalline polyester in optimal 

compositions of the alloyed polyester resin will be different, depending on the type and use of 

the metal container. Thus, in cases where there is a comparatively low processing level in 

bending processes, press-punching processes, container lidding processes or drawing processes, 

and the container is subjected to light or no thermal sterilization treatments after loading the 

container contents, then materials produced using a blending ratio in the range of 5-40% will 

maintain a degree of crystallization of 0-5%, even after these processes or thermal treatments. 

Favorable steel plate binding properties and impact resistance will thus be adequately 

manifested. In addition, when extreme thermal sterilization conditions are used with materials 

that are subjected to the aforementioned comparatively low levels of processing, or materials that 

are subjected to fairly high levels of processing, it is necessary for the blending ratio of 

noncrystalline polyester to be increased. The optimal range in such cases is to be shifted 

significantly higher to 40-95% (refer to Figure 1). 

[0018] 

The thickness of the alloyed polyester resin coating will vary, depending on the type and 
application of the metal container, but a range of 5-200 [im is generally used, with a range of 
10-100 |am being particularly desirable. The lower limit, in this case, is determined in 
consideration of damage during processing or the corrosion resistance of the resin, and the upper 
limit is determined in accordance with cost issues. 
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[0019] 

Application examples 

Details of the present invention are presented below using application examples. 

[0020] 

Application Example 1 

After using a common method to degrease and acid-wash a low-carbon cold-worked steel 
plate that had been cold-worked and annealed by conmion methods, conventional Sn plating, 
Sn-Ni alloy plating or Sn-Zn alloy plating was carried out at 0.05-1 1.2 g/m^. A chromate 
treatment was then carried out, and the material was then coated with an alloyed polyester resin 
having a noncrystalline polyester blending ratio of 5-40% and an alloying ratio of 20-40%. The 
material was then subjected to various evaluation tests. 

[0021] 

Application Example 2 

In Application Example 1, the material was coated with an alloyed polyester resin having 
a noncrystalline polyester blending ratio of 40-95% and an alloying ratio of 40-100%. The 
material was then subjected to various evaluation tests. 

[0022] 

Application Example 3 

After using a conmion method to degrease and acid-wash a low-carbon cold-worked steel 
plate that had been cold-worked and annealed by common methods, conventional Cr plating was 
carried out at 1-200 mg/m^. The material was then coated with an alloyed polyester resin having 
a noncrystalline polyester blending ratio of 5-40% and an alloying ratio of 20-40%. The material 
was then subjected to various evaluation tests. 

[0023] 

Application Example 4 

In Application Example 3, the material was coated with an alloyed polyester resin having 
a noncrystalline polyester blending ratio of 40-95% and an alloying ratio of 40-100%. The 
material was then subjected to various evaluation tests. 
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[0024] 

Application Example 5 

After using a common method to degrease and acid-wash a low-carbon cold-worked steel 
plate that had been cold-worked and annealed by common methods, a chromate treatment was 
carried out. The material was then coated with an alloyed polyester resin having a noncrystalline 
polyester blending ratio of 5-40% and an alloying ratio of 20-40%. The material was then 
subjected to various evaluation tests. 

[0025] 

Application Example 6 

In Application Example 5, the material was coated with an alloyed polyester resin having 
a noncrystalline polyester blending ratio of 40-95% and an alloying ratio of 40-100%. The 
material was then subjected to various evaluation tests. 

[0026] 

Comparative Example 1 

After using a common method to degrease and acid-wash a low-carbon cold-worked steel 
plate that had been cold- worked and annealed by common methods, conventional Sn plating, 
Sn-Ni alloy plating or Sn-Zn alloy plating was carried out at 0.05-11.2 g/m^. In addition, a 
chromate treatment was carried out, and the material was then coated with a crystalline polyester 
resin having a noncrystalline polyester blending ratio of 0% and an alloying ratio of 0%. The 
material was then subjected to various evaluation tests. 

[0027] 

Comparative Example 2 

After using a common method to degrease and acid-wash a low -carbon cold-worked steel 
plate that had been cold- worked and annealed by conmion methods, conventional Cr plating was 
carried out at 1-200 mg/m^. The material was then coated with an alloyed polyester resin having 
a noncrystalline polyester blending ratio of 50% and an alloying ratio of 5%. The material was 
then subjected to various evaluation tests. 

[0028] 

Comparative Example 3 

After using a conmion method to degrease and acid-wash an aluminum plate that had 
been cold-worked and annealed by common methods, a chromate treatment was carried out. The 
material was then coated with a crystalline polyester resin having a noncrystalline polyester 
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blending ratio of 0% and an alloying ratio of 0%. The material was then subjected to various 
evaluation tests. 

[0029] 

Comparative Example 4 

After using a common method to degrease and acid-wash a low-carbon cold-worked steel 
plate that had been cold-worked and annealed using conmion methods, common Sn plating was 
carried out at 2,8 g/m^, and a chromate treatment was then carried out. Subsequently, the 
material was coated with noncrystalline polyester resin having a noncrystalline polyester 
blending ratio of 100%, and various evaluation tests were carried out. 

[0030] 

Comparative Example 5 

After using common methods to degrease and acid-wash a low-carbon cold-worked steel 
plate that had been cold-worked and annealed using common methods, conmion Cr plating was 
carried out at 90 mg/m^. Subsequently, the material was coated with noncrystalline polyester 
resin having a noncrystalline polyester blending ratio of 100%, and various evaluation tests were 
carried out. 

[0031] 

Application Example 6 

After using common methods to degrease and acid-wash an aluminum plate that had been 
cold-worked and annealed using common methods, a chromate treatment was carried out. 
Subsequently, the material was coated with noncrystalline polyester resin having a noncrystalline 
polyester blending ratio of 100%, and various evaluation tests were carried out. 

[0032] 

The materials from the application examples and comparative examples of the present 
invention were subjected to treatments (a)-(c) shown below. In regard to characteristics, the 
degree of crystallization was measured using an X-ray diffraction method, and the impact 
resistance test described below was carried out. The results were compared. 

[0033] 

The compositions and results of thermal analysis carried out on the thermoplastic 
polyester resins used in the working examples and comparative examples of the present 
invention are presented in Table 1. 
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[0034] 

® Table 1 
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*) DSC: Scanning thermal analyzer Model 7, manufactured by Perkin Elmer. 

*1 J-125: Crystalline polyester, manufactured by Mitsui Petto K.K., 

*2 A: Noncrystalline polyester (lA/TA/EG = 50/50/100 mol%, intrinsic viscosity 0.85) 

*3 B: Copolyester (TA/CHDM/EG = 100/30/40 mol%), manufactured by Eastman Kodak 



Key: 1 Application Example No. 

2 Composition of thermoplastic polyester resin 

3 Crystalline polyester 

4 Noncrystalline polyester 

5 Peak temperatures indicated by DSC*^ 

6 Alloying ratio according to the computational formula (%) 

7 Comparative Examples 1 and 3 

8 Comparative Example 2 

9 Comparative Examples 4, 5 and 6 

[0035] 

(a) Processing tests 

The processing tests were carried out on a 100 x 30 nmi sample material using a conmion 
tensile tester, and tensile processing was carried out at an elongation of 30%. 
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[0036] 

(b) Thermal treatment 

Thermal treatment was carried out for 10 min at 200°C in air using a drying oven. 

[0037] 

(c) Retort treatment 

The retort treatment was carried out for 90 min in soft water at 120°C using a common 
pressure tank. 

[0038] 

(d) Impact resistance test 

The impact resistance test was carried out alone, or in conjunction with tests (a), (b) and 
(c) above. A steel sphere with a mass of 300 g was dropped at a height of 50 cm, and the site of 
impact was observed for resin coating defects by means of an ERV test. 

[0039] 

ERV test method: The sample to be measured is used as the positive electrode and 
platinum is used as the counterelectrode in 1.0% sodium chloride aqueous solution. A 6V 
potential is applied between the two electrodes, and generated current is measured. The 
soundness of the coating is evaluated based on the magnitude of this current. 

[0040] 

The results from the above tests are compiled in Table 2. 
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[0043] 

Effect of the invention 

As stated above, metal plates coated with the thermoplastic polyester resin composition 
of the present invention can be readily processed to produce containers. Because the degree of 
crystallization of the polyester resin will undergo almost no degradation, even when subjected to 
thermal processes such as printing and retort treatments, the material can be offered as container 
materials having excellent binding properties and impact resistance. As a result, painting 
processes carried out by the container manufacturer can be eliminated, allowing a reduction in 
the cost of container manufacture. 
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Brief description of the figures 

Figure 1 is an example showing the relationship between the blending ratio of 
noncrystalline polyester in the laminated PET coating and the degree of crystallization under 
various treatment conditions. 




0 5 30 20 40 €0 80 100 

Figure 1 



Key: 1 Degree of crystallization of the coating (%) 

2 Blending ratio of the noncrystalline polyester(%) 

3 Scope of the claims. 

Relationship between blending ratio of noncrystalline polyester and degree of crystallization 
under various thermal treatment conditions 

(O: Drawing only, 0: Drawing + thermal treatment, □: Drawing + thermal treatment + retort 
treatment) 
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